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FOIiEWORD 

This  r epor t  descr ibes  work which has been completed during t h e  per iod  from 
June 4 t o  September 4, 1965, t h e  present  s t a t u s ,  and t h e  f u t u r e  p lans  f o r  t h e  
e f f o r t  being performed by t h e  General E l e c t r i c  Company under Contract  NAS 3-6467 
from the  Nat ional  Aeronautics and Space Adminis t ra t ion.  The ob jec t ive ,  as out -  
l i n e d  i n  t h e  c o n t r a c t ,  is  t o  develop and design ground prototype AC c i r c u i t  
b reakers  and DC engine con tac to r s ,  s u i t a b l e  f o r ,  and t e s t e d  under, expected launch 
and space requirements.  
2000 cps , , ,wh i l e  t h e  DC Contactors  w i l l  have a r a t i n g  of 10,000 v o l t s ,  1 0  amperes. 

The Breakers w i l l  be ra ted .4000 v o l t s ,  600 amperes, c / 

t o  A. H. Powell, Manager - E l e c t r i c a l  Systems, Space Power & Propuls ion Sec t ion .  
Consul t ing Engineer is R. N. Edwards, SPPS. P r o j e c t  Engineer i s  E. F. T r a v i s  of 
t h e  Research and Development Center i n  Schenectady. 
i n  add i t ion  t o  Messers. Powell and Travis ,  inc lude  G. G a t i  of SPPS and G. W. 
Kessler of R & DC. 

Cont r ibu tors  t o  this r e p o r t ,  

Mr. E.  A. Koutnik of t h e  National Aeronautics and Space Adminis t ra t ion i s  
t h e  Technical  Manager f o r  t h i s  con t r ac t .  
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I .  INTRODUCTION 

This program i s  a cont inua t ion  of t he  E l e c t r i c a l  Switchgear development 

and i n v e s t i g a t i o n  work which was completed under Contract NAS 3-2546 with the  

successfu l  i n t e r r u p t i o n  of over 20 amperes a t  10,000 v o l t s  DC, and over  1800 

amperes a t  1200 v o l t s ,  2000 cyc le s  per  second. 

The goals  f o r  t h i s  program, Contract NAS 3-6467, were e s t a b l i s h e d  so as 

t o  provide d e t a i l  background information and knowledge on which f i n a l  f l i g h t  

hardware f o r  planned Nuclear Space Power Systems of 1 t o  4 megawatts capac i ty  

could be b u i l t .  The breaker  i s  being developed t o  have a r a t i n g  of 600 amperes 

(1000 t o  3000 cps) and 1000 v o l t s ,  and the  contac tor  t o  handle  10  amperes a t  

10,000 v o l t s  DC. 

Development e f f o r t  on t h i s  con t r ac t  w i l l  r e s u l t  i n  bu i ld ing  and t e s t i n g  

ground pro to type  Breakers and Contactors which can withstand launch environment 

(mechanical) condi t iocz ,  2s urcl11 a =  Qrpected space cond i t ions  inc luding  low 

pressure ,  high temperature,  and r ad ia t ion .  ; The devices  are a l s o  t o  be ab le  t o  

success fu l ly  i n t e r r u p t  sho r t  c i r c u i t s  of twice normal cu r ren t  r a t i n g s .  

Program Management i s  centered  in  t h e  Space Power and Propuls ion Sec t ion  

of t h e  General E l e c t r i c  Company i n  Evendale. The major development work i s  

being done a t  the  Research and Development Center  (formerly t h e  Advanced Technology 

Laboratory)  i n  Schenectady, with technical  and test  a s s i s t a n c e  from o t h e r  

Labora to r i e s  and Departments of cne Company. me iong t i m e  endurance t e s t s  w l i i  

be made a t  SPPS, most mechanical and a l l  i n t e r r u p t i o n  tests i n  Schenectady, and 

t h e  acous t i c  and acce le ra t ion  tests i n  the  RSD Mechanical Tes t ing  Laboratory i n  

Phi 1 ade lphia .  

-. 
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11. SUMMARY 

.- 

During the  t h i r d  qua r t e r ly  period of t h i s  p rogram, l a l l  d e t a i l s  f o r  making 

the  sample breakers  and con tac to r s  were completed, most of t h e  requi red  raw 

material was obtained,  and plans f o r  f a b r i c a t i o n  and assembly were i n i t i a t e d .  -- 1 

An o v e r a l l  review of t he  program was made a t  NASA-Lewis i n  Cleveland on August 

19  with r ep resen ta t ives  of NASA, General E lec t r ic  Company's SPPS and t h e  

Advanced Technology Laboratory present .  
- 

This  r epor t  w i l l  t e l l  of f u r t h e r  d e t a i l ;  i n v e s t i g a t i o n  work i n  connection 

with p a r t s  of both t h e  Vacuum I n t e r r u p t e r s  and t h e  Actuators .  Proposed con- 

s t r u c t i o n  and assembly methods were checked o u t ,  and improved l a t c h  and t r i p  

-- 

mechanisms were c rea t ed  and included i n  t h e  f i n a l  design.  The des igns  have now 

been f rozen  and a l l  d e t a i l  and assembly drawings have been i ssued .  A ske tch  of 

t he  complete breaker  i s  given i n  Figure 1. 

While t h e  raw material has  been ordered,  none has been r e l eased  f o r  fab-  

r i c a t i o n  pending determinat ion of t h e  most favorable  processor .  This  review 

i s  now underway. Tes t  s p e c i f i c a t i o n s  a re  a l s o  being prepared,  and high vacuum 

oven equipment f o r  t h e ' f i r s t  t e s t s  (heat run) has  s t a r t e d  t o  be assembled. 

Schedules have been considered i n  d e t a i l ,  and t h e  PERT diagram which i s  included 

i n  Sec t ion  V I 1  provides  expected milestone da te s .  Delays i n  f a b r i c a t i o n ,  and 

some modi f ica t ions  i n  the  order  of t e s t i n g  now appear t o  r e s u l t  i n  some extens ion  

of  t h e  f i n a l  program completion. 

During t h e  next qua r t e r ly  per iod,  t h e  f i r s t  Breaker (vacuum i n t e r r u p t e r  

and a c t u a t o r )  w i l l  be f a b r i c a t e d ,  assembled, and prel iminary t e s t i n g  s t a r t e d .  

Fabr i ca t ion  of p a r t s  f o r  t h e  o t h e r  samples w i l l  be i n  process .  

-2 - 



I I I. VACUUM INTERRUPTER 

The vacuum i n t e r r u p t e r  includes the sea l ed  capsule  along with t h e  r e l a t e d  

p a r t s  needed t o  conduct c u r r e n t  i n  and out of t h e  u n i t ,  m e a n 5  f o r  removing t h e  

heat  generated,  and i n s u l a t i o n  between the l i n e  p a r t s  and grounded supports .  This  

s e c t i o n  of t h e  r epor t  w i l l  t e l l  of f u r t h e r  d e t a i l  design work and desc r ibe  t h e  

f i n a l  i n t e r r u p t e r  design. 

A.  Thermal Ca lcu la t ions  and Contact Heating 

The design of t h e  r a d i a t o r  s y s t e m  f o r  t h e  AC C i r c u i t  Breaker descr ibed 

b r i e f l y  i n  t h e  Second Q u a r t e r l y  Report has been completed. I n  t h e  f i n a l  arrange- 

ment a l l  of t h e  f i n s  r a d i a t e  t o  t h e  enclosing s h e l l  which i s  i s o l a t e d  from t h e  

e lec t r ica l  s y s t e m  and is  bo l t ed  t o  t h e  heat s ink  bulkhead. 

The temperature of t h e  c o n t a c t s ,  r a d i a t o r  f i n s ,  a n d o u t e r  s h e l l  has been 

c a l c u l a t e d  f o r  t h i s  l a t e s t  design and the  values are ind ica t ed  i n  Figure 2 , 

an o u t l i n e  drawing of t he  heat  t r a n s f e r  s y s t e m ,  The temperature of t h e  c o n t a c t s  

a few m i l s  back from the su r face  w i l l  be  approximately 820 C ,  as shown i n  Figure 

2 . The l o c a l  temperatures a t  t h e  actual  p inpo in t s  of con tac t  may be considerably 

h ighe r ,  as descr ibed i n  the  t h e o r e t i c a l  review i n  Sect ion 111-B-1 of t he  Second 

Quar t e r ly  Report. Note from Figure 2 t h a t  both Of  t he  c o n t a c t s  c a l c u l a t e  t o  be 

a t  n e a r l y  t h e  same temperature even though the upper con tac t  h e a t  radiator"  i s  

smaller than t h e  bottom one. This r e s u l t s  from t h e  lower temperature of t h e  o u t e r  

0 

11 

I-aulatiuii siiik*t L -  _ _ _ L - L  ~ 3 . -  L. ._  . . - L - - L  _ - - A : _ L _ _  
L U  W l l l C . l l  L l l e  Lup C U I I L a G L  l a u l a L G 3 .  

s i l e i i  Ui' I * - . .  1 .  

A f u r t h e r  i n v e s t i g a t i o n  of the e f f e c t s  of high temperature on t h e  con tac t  

r e s i s t a n c e  as o u t l i n e d  i n  t h e  Second Q u a r t e r l y  Report has been completed. This 

d e t a i l  a c t i v i t y  was planned t o  supplement t h e  t h e o r e t i c a l  information and review 

of c o n t a c t  behavior a t  high cu r ren t  and high temperature.  

-3- 
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The materials test capsule  used i n  Phase I w a s  reassembled with the  

con tac t s  used dur ing  the  i n t e r r u p t i o n  tests.  These con tac t s  were used because 

t h e  su r faces  were rough due t o  t h e  cu r ren t  i n t e r r u p t i o n s ,  and were r ep resen ta t ive  

of breaker  con tac t s  i n  se rv i ce .  

The r ad ian t  c y l i n d r i c a l  contac t  heater was removed from t h e  capsule  and 

t h e  f l anges  support ing t h i s  h e a t e r  were used t o  b r ing  out  e l e c t r i c a l  connect ions 

from t h e  con tac t  t i p s  f o r  the  d i r e c t  measurement of contac t  vo l tage  drop. 

Thermocouples were i n s t a l l e d  at the l o c a t i o n s  ind ica t ed  i n  Tab le1  and t h e  

u n i t  w a s  placed 

vacuum bake-out 

were sparked a t  

p re s su re  i n  t h e  

i n  t h e  same oven used in  t h e  previous tests.  Af t e r  a prel iminary 

a t  1 x Torr pressure and 250 F temperature,  t he  con tac t s  0 

15 KV and 60 ma t o  c lean t h e  su r faces .  During t h i s  opera t ion  t h e  

capsule  increased t o  5 x 10 Torr .  -6 

Both t h e  cu r ren t  through t h e  con tac t s  and t h e  oven temperature were then 

increased  slowly. The con tac t s  were permitted t o  reach an equi l ibr ium temperature 

a f t e r  each incremental  increase  i n  contact  c u r r e n t .  The temperature,  vo l tage ,  

and c u r r e n t  measured during the  tes t  are included i n  Table I .  

The f i n a l  r e s i s t a n c e  of t h e  con tac t s ,  measured with d i r e c t  cu r ren t  f lowing 

a t  room temperature and before  t h e  switch was moved, w a s  0.0225 mill iohms. This  

i s  cons iderably  below the  i n i t i a l  r e s i s t a n c e ,  or t h e  r e s i s t a n c e  measured a f t e r  

t h e  switch w a s  opened and closed again a t  which t i m e  t h e  value w a s  0.141 m i l l i -  

ohms. Apparently a spe r i ty  so f t en ing  has taken p lace  a t  contac t  temperatures 

between 800 and i z u u 0 E .  *The curve i n  Figure 3 shows the  r e i a t i o n s h i p  oi t he  

measured contac t  r e s i s t a n c e  t o  temperature and i n d i c a t e s  i t  i s  f l a t  i n  t h i s  

region.  

-4- 



B. Capsule Heat Conductor Material 

1. Selec t ion  

A d e t a i l e d  review of ava i l ab le  materials w a s  made i n  s e l e c t i n g  t h e  

proper  one f o r  t h e  r a d i a t i o n  f i n s  and outer  s h e l l  of t h e  AC breaker  ( t h e  h ighes t  

temperature u n i t ) .  The fol lowing tabula t ion  l i s t s  t h e  important p rope r t i e s  o f  

some of t he  candidates:  

Mater i a1 

Copper 

Copper Zirconium 

1 CUBE -ALLOY 

Tungsten 

Molybdenum 

Beryl 1 ium 

Nickel 200 

S t a i n l e s s  S t e e l  347 

Kovar 

A i  umiri a 

2 

3.54 

3 .3  

2 

1 .25  

1 . 2 1  

.92 

.52 

.29 

.16 

. ii 

8.9 

8 .8  

8.7 

19.3 

LO. 24 

1.85 

8.87 

7.9c 

8 . 3  

c) 7 7  
J .  I 1  

4.8 

6 .1  

5 . 5  

18 

17  

25 

35 

110 

--- 

9--1 A17 
0A.L" 

lNot ava i l ab le  in  requi red  forms 

ri 
ld 

u r d  
S M  

k .rl 0 
ld m a  a 6  
6rd  
.rl a 
G l x  

Eil 
R 

E 9  

E % 

" 95 

.96 

1.03 

.20 

.24 

.88 

.85 

1 . 0  

.34 

.K 

ri 
cd 

1 . 4  

1 . 6  

1 .3  

.32 

. 4  

1 . 3  

1.1 

1 . 4  

. 6 1  

.5? 

2Kovar FE-N1-Co Alloy s imilar  t o  Rodar 
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The f i r s t  choice mater ia l  w a s  copper s i n c e  it  has e x c e l l e n t  thermal and 

e l e c t r i c a l  conduct iv i ty .  Copper repor ted ly  l o s e s  i t s  s t r e n g t h  a t  h igh  temper- 

a t u r e s ,  but R . A .  Wilkins  and E . S .  Bunn, i n  t h e i r  book t i t l e d  "Copper and Copper 

Base Alloys", s t a t e  t h a t  copper has  a t e n s i l e  s t r e n g t h  of 4,000 p s i  a t  70OoC. 

This would be s u f f i c i e n t  s t r e n g t h  f o r  the o u t e r  s h e l l  which have a maximum 

c a l c u l a t e d  temperature of 605 C ,  and probably f o r  t he  r a d i a t o r  f i n s  with a 

maximum c a l c u l a t e d  temperatures of 660 C. Figure 2 shows t h e  r e s u l t s  of t he  

temperature study j u s t  completed and the l o c a t i o n  of t hese  p o i n t s .  However, 

t h e  temperature  of t h e  f l anges  on t h e  vacuum capsule  were c a l c u l a t e d  t o  be 

approximately 700 C, which would make the use  of copper marginal .  

0 

0 

0 

CUBE-ALLOY, a d i spe r s ion  hardened high conduct iv i ty  copper base m a t e r i a l ,  

w a s  i n v e s t i g a t e d  f o r  t h e  vacuum capsule  f l anges  because of i t s  r e l a t i v e l y  high 

- s t r e n g t h  a t  h igh  temperature.  However, t h i s  promising ma te r i a l  w a s  found t o  be 

a v a i l a b l e  only i n  w i r e  up  t o  1/2" diameter rod ,  and thus not s u i t a b l e  f o r  t h e  

r a d i a t o r s .  

A t h i r d  material with good thermal and e l e c t r i c a l  p r o p e r t i e s  is copper- 

zirconium. This  ma te r i a l  r e t a i n s  appreciable  s t r e n g t h  even a t  t h e  expected 

swi tch  temperatures .  The s t r e n g t h  of t h i s  m a t e r i a l  i s  obta ined  by a l l o y i n g  a 

small percentage of zirconium with copper i n t o  a p r e c i p i t a t i o n  hardened ma te r i a l .  

Over long  t i m e  per iods  a t  high temperatures i t  i s  repor ted  t h a t  t h e  zirconium 

w i l l  go back i n t o  s o l u t i o n  and be no s t ronger  than copper. Information from 

American M e t a l  Climax, Inc .  m a k e r  of the ma te r i a l  known as  AMZIRC i n d i c a t e s ,  

however, t h a t  s u f f i c i e n t  zirconium w i l l  be l e f t  i n  the  g r a i n  boundaries t o  

accomplish the s t rengthening  lunc t ion .  wnile  s p e c i f i c  uara  were no i  avai lable  

a t  750°F, t he  fol lowing typ ica l  information has  been made ava i l ab le .  

-6- 



A t  6OO0C a 17% cold worked specimen took 100,000 hours t o  creep 1% a t  

0 
1,000 p s i .  A t  650 C t he  d a t a  for various amounts of co ld  work ind ica ted :  

Cold Work U l t i m a t e  Tens i l e  .1% Yield E l  on ga t  ion  
% p s i  p s i  % 

None 8,500 4,700 8 

5 10 , 500 8,500 7 

20 15,000 13 , 000 4 

40 18,700 16,500 4 

Based on these  d a t a ,  t h e  copper-zirconium has been s e l e c t e d  for t h e  f l anges  

of t h e  vacuum capsule ,  and copper f o r  the i n t e r r u p t e r  o u t e r  s h e l l .  Copper w i l l  

a l s o  be used f o r  t h e  upper  r a d i a t i o n  f i n ,  but copper-zirconium w i l l  be requi red  

f o r  t he  lower f i n  s i n c e  i t  suppor ts  the vacuum capsule .  

2 .  Brazed Contact Assembly Samples 

eeve ra l  samples of brazed vacuum capsule  contac t  assemblies were made and 

t e s t e d  at 7OO0C t o  o b t a i n  bas i c  d a t a  f o r  t he  f i n a l  design.  The conf igura t ion  of 

t h e  samples i s  shown i n  Figure 4 . The sample assembly is  r ep resen ta t ive  of t he  

contac t  arrangement i n  t h e  vacuum capsule.  The braz ing  of t he  molybdenum, roda r ,  

and copper was completed i n  a s i n g l e  brazing ope ra t ion .  A nickel-gold braze 

mater ia l ,  mel t ing  a t  about 950 C,  was used f o r  each braze j o i n t .  0 

Two samples (#2 and #3 of s imi l a r  design)  were subjec ted  t o  t h r e e  temperature 

0 
cycles from room temperature  t o  700 C and back t o  room temperature a t  t h e  Research 

aiid EevelGpiiieiit C e n t e r  in E c ~ c z c c ~ ~ ~ ~ .  Ezz-ple $2 E..ZC he-?....' iz t he  itmnsphc=re w h i l e  

sample #3 was heated i n  hydrogen. Each sample w a s  subjec ted  t o  a stress tes t  i n  

an e f f o r t  t o  break t h e  braze j o i n t  between t h e  copper and molybdenum. Forces of 

1 ,200  l b s  were used with no apparent e f f e c t  on t h e  brazed j o i n t .  
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The brazed j o i n t  between t h e  f e rn i co  and molybdenum of sample #2 and the  

brazed j o i n t  between t h e  rodar  and molybdenum of sample #3 were checked f o r  

vacuum l e a k s  before  and a f t e r  temperature cyc l ing .  The leak  tests were made 

a t  a vacuum l e v e l  of 10  Torr.  A l e a k  was not de t ec t ed  i n  any of t h e  tests. 

Another sample (#4) was heated i n  t h e  hydrogen furnace  wi th  a weight of 

-6 

50 l b s .  a t tached  t o  t h e  molybdenum contact  i n  an e f f o r t  t o  break t h e  j o i n t  

while a t  70OoC. Again, t h e  braze j o i n t  was not a f f ec t ed .  The t e s t  was repeated 

with a 72 l b .  weight, t h e  maximum t h a t  could be put i n  t h e  furance.  The r e s u l t s  

were the  same as with t h e  50 l b .  weight. 

From these  tes ts ,  i t  was concluded t h a t  t h e  braz ing  procedure i s  sat is-  

f ac to ry  for t h i s  app l i ca t ion  bu t ,  as an add i t iona l  check, s t i l l  another  sample 

(#1) was de l ive red  t o  Space Power & Propulsion Sect ion i n  Evendale f o r  tes t  i n  

t h e  low vo l t age  e l ec t ron  beam vacuum chamber. The sample w a s  mounted on ceramic 

suppor ts ,  surrounded by tantalum f o i l  s h i e l d s  t o  reduce hea t  t r a n s f e r .  The 

s h i e l d s ,  arranged as shown i n  Figure 5 , cons is ted  of two layers  under t h e  

sample, t h r e e  on the  s i d e  ( a l l  separa t ions  were 1/16"), and a s i n g l e  l a y e r  above 

t h e  sample f o r  two of t h e  t e s t s .  

The sample w a s  heated by d i r e c t i n g  a wide e l e c t r o n  beam on t h e  molybdenum 

con tac t .  Heating cu r ren t  var ied  from 19 t o  25 m a  and the  chamber pressure  w a s  

5 x Torr .  Five chromel-alumel thermocouples were mounted as shown i n  t h e  

ske tch ,  Figure 5 , and t h r e e  runs were made with t h e  r e s u l t s  i nd ica t ed  i n  t h e  

t a b l e  icclcde:! *:;ith t h e  sketch.  p, ef t h e  temperatiire o f  the molybdenum 

contac t  dur ing  t h e  f i r s t  run with a sh i e ld  i s  shown i n  Figure 6 .  

The hea t  flow and temperature rise obtained with t h i s  t es t  c l o s e l y  simu- 

l a t e d  t h e  expected vacuum capsule  performance, and f u r t h e r  s u b s t a n t i a t e d  the  

R & DC conclusion t h a t  t he  braze and general  conf igura t ion  would be s a t i s f a c t o r y .  
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Any breaking of t h e  j o i n t  would have been r e f l e c t e d  i n  a d e f i n i t e  reduct ion  i n  

hea t  flow. This d id  not  occur ,  i nd ica t ing  the  j o i n t  w a s  secure and r e l i a b l e .  

C .  Bellows Design 

Af te r  ex tens ive  inves t iga t ion  of poss ib l e  bellows designs and manufacturers ,  

a sample welded bellows was obtained from t h e  Metal Bellows Co.  This sample was 

made up of 0.003" th i ck  rodar  convolutions and 0.020" th i ck  rodar  end p ieces .  

From t h e  experience gained i n  welding the sample bellows t h e  Metal Bellows Co .  

confirmed they could fu rn i sh  bellows s a t i s f a c t o r y  f o r  t h i s  app l i ca t ion .  Based 

on a minimum l i f e  of 500 opera t ions  a t  a temperature of approximately 1300 F,  

t h e  f i n a l  design w i l l  c o n s i s t  of 7 convolutions of 0.003'' t h i ck  rodar ,  with 

0.020" t h i c k  end f l anges .  The following are t h e  design s p e c i f i c a t i o n s :  

0 

Spring rate 1 5  l b s / i n .  

Compressed height 0.12" 

Stroke 0 .  250" 

0. D. 2.75" 

I . D .  2,OO" 

D. I n t e r ruDte r  Design D e t a i l s  

1. Vacuum Capsule 

A s i n g l e  basic vacuum capsule  has been designed f o r  u se  i n  both t h e  AC 

C i r c u i t  Breaker and UC Engine Conxactor. Figure 7 is a Ske tch  of --------- 

capsule .  

~ i i c  v a,cIuuiu 

The vacuum envelope c o n s i s t s  of end b e l l s  of rodar ,  a rodar  bel lows,  t he  

alumina i n s u l a t i o n  with rodar spinnings brazed t o  t h e  in su la t ion .  The rodar  
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spinnings permit welding t o  t h e  bellows and rodar  end b e l l .  

s h i e l d  t o  p ro tec t  the  alumina in su la t ion  dur ing  a r c  i n t e r r u p t i o n  is  r i v e t e d  t o  

t h e  rodar  spinning i n  the  cen te r  of t he  i n s u l a t i o n  assembly. The molybdenum 

con tac t s  are brazed t o  t h e  rodar  end b e l l s  and amzirc (copper-zirconium) f l anges .  

A molybdenum vapor 

The amzirc f l anges  are designed f o r  a t t ach ing  e i t h e r  heat  r a d i a t i n g  f i n s  

f o r  t h e  AC breaker ,  p a r t  8, i n  Figure 8 ) or t h e  vacuum capsule  support  f o r  t h e  

DC con tac to r ,  p a r t  6 ,  i n  Figure 9 . In both of t h e s e  f i g u r e s  the  capsule  i s  

p a r t  3 .  The hea t  r a d i a t i o n  f i n s  i n  the AC breaker  are a t tached  t o  t h e  capsule  

f l ange  by a temperature (hea t )  shr ink  process.  This w i l l  provide a good thermal 

path between t h e  con tac t s  and the  r ad ia to r s .  

2 .  Current Conductors and Terminals 

The two ex te rna l  connections or terminals  f o r  both t h e  AC breaker ,  p a r t  9 ,  

Figure 8 and f o r  t h e  DC con tac to r ,  par t  7 ,  of Figure 9 are i n  l i n e ,  one above 

t h e  o t h e r ,  on t h e  same s i d e  of t h e  vacuum i n t e r r u p t e r  assembly. The top  terminal  

on each switchgear  device i s  threaded i n t o  a copper r i n g ,  p a r t  10, Figure 8 ,  

and p a r t  8, of Figure 9 . A f l e x i b l e  copper diaphragm, connected t o  the  movable 

contac t  i n  each device ,  i s  brazed t o  the copper r ing .  The bottom terminal  on t h e  

AC breaker  is  threaded i n t o  t h e  lower heat r a d i a t i o n  f i n  connected t o  the  f ixed  

bottom con tac t .  I n  the  DC contac tor  the bottom terminal  th reads  i n t o  t h e  r i n g  

suppor t ing  t h e  vacuum capsule  a t tached t o  bottom contac t  f lange .  

The f l e x i b l e  copper diaphragms i n  each device are of t h e  same conf igura t ion  

except  for the  tn ickness  01 i he  rnaLeriai. '?lie diaphrag;.;, for t hc  AC hrezker  is .nl6" 

t h i c k  and t h e  DC con tac to r  diaphragm i s  .010" th i ck .  Figure 10 i s  a ske tch  of 

t h e  diaphragms. 
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A .010" t h i ck  copper diaphragm has been success fu l ly  v i b r a t i o n  t e s t e d  i n  

I 

a tes t  f i x t u r e  intended t o  s imulate  the extended locked p o s i t i o n  of launch. One 

resonant  frequency was found a t  535 cps and no damage r e s u l t e d  from t h e  5 minute 

dwell a t  9 . 5  "g" a t  t h i s  frequency. 

This  same diaphragm was operated 3000 t i m e s  through t h e  f u l l  1/4" s t r o k e  

r ep resen ta t ive  of close-open operat ion.  

3 .  Insu la t ion  

The th ree  major a reas  r equ i r ing  e l e c t r i c a l  i n s u l a t i o n  are: 

1 )  Vacuum capsule  - between t h e  end p i eces .  

2)  1000 v o l t  AC vacuum i n t e r r u p t e r  - vacuum capsule  and ground. 

3)  10,000 v o l t  DC vacuum i n t e r r u p t e r  - vacuum capsule  and ground. 

The devices  are t o  be operated in  a gas a t  t h e  heat  s i n k  temperature of 

0 1000 F dur ing  t h e  i n t e r r u p t i o n  tes ts ,  a s  w e l l  as i n  high vacuum during the  hea t  

run and endurance tes t .  

The vacuum capsule  being used i n  both of t h e  vacuum i n t e r r u p t e r s  r equ i r e s  

i n s u l a t i o n  t o  withstand t h e  high po ten t i a l  tes t  of t h e  10,000 v o l t  DC vacuum 

i n t e r r u p t e r  while a t  temperature and i n  a vacuum. 

The i n s u l a t i o n  ma te r i a l  t h a t  has been s e l e c t e d  f o r  a l l  t h r e e  areas i s  h igh  

dens i ty  pure alumina (a1 0 ) .  This mater ia l  w a s  f i r s t  s e l e c t e d  f o r  t he  vacuum 

capsule  because i t  i s  compatible with t h e  rodar  used f o r  t h e  end b e l l s ,  and i s  

s u i t a b l e  f o r  furnace brazing.  

2 3  

8 
The high r e s i s t a n c e  of alumina (10 ohm c m  a t  700°C) 

U.LL)" m 1 ~ -  m-17-c A l l U l l V Y  it ~ u i t s h l e  f e r  the i n s i ~ l p t i o n  of t h e  vacuum i n t e r r u p t e r s .  Fu r the r ,  

t h e  experience gained during Phase I with the  alumina furn ished  by t h e  McDanel 

Ref rac tory  Porce l ine  Co., showed t h e  material t o  have the  requi red  physical  

p r o p e r t i e s  f o r  a l l  t h r e e  i n s u l a t i n g  du t i e s .  
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The s p e c i f i c a t i o n  used i n  designing the  i n s u l a t i o n  f o r  t h e  vacuum 

capsule  (and t h e  10,000 v o l t  DC vacuum i n t e r r u p t e r )  requi red  a su r face  creepage 

of 1 inch  and a gap of 1/2 inch through t h e  gas t o  be used dur ing  the  i n t e r r u p t i o n  

tes t .  To meet these  c r i t e r i a  i t  was necessary t o  design the  i n s u l a t i o n  i n  t h e  

10 KV device t o  completely cover t h e  in s ide  of t h e  metal enc los ing  s h e l l ,  p a r t  1 4 ,  

Figure 9 . Also t o  support  t he  top  connection r i n g  and t h e  vacuum capsule  

mounting 3 , add i t iona l  i n s u l a t i n g  r ings  were requi red ,  p a r t s  15 ,  16 ,  and 1 7 ,  Figure 

9 .  

The design s p e c i f i c a t i o n  used fo r  t h e  1000 V AC i n t e r r u p t e r  requi red  1/2" 

su r face  creepage and a 1/4" gap. This r e s u l t e d  i n  cons iderable  less i n s u l a t i o n  

material .  Therefore ,  i n  t h e  AC u n i t  t h e  vacuum capsule  with r a d i a t o r s  i s  pos i t i on -  

ed i n  t h e  enc los ing  s h e l l  by t h r e e  i n s u l a t o r s  a t  t h e  bottom and t h r e e  a t  t h e  c e n t e r  

of  t h e  s h e l l .  The i n s u l a t o r s ,  p a r t  19,  Figure 8 , are equal ly  spaced around the  

i n s i d e  circumference of t h e  s h e l l .  The connection r i n g ,  p a r t  10.  i s  pos i t ioned  

by two add i t iona l  i n s u l a t i o n  r ings ,  p a r t s  1 7  and 18  of Figure 8. 

4.  Ion Pump 

From t h e  d a t a  obtained during the material outgassing tes t  repor ted  i n  

Sect ion IIIA of t h e  second q u a r t e r l y  r epor t ,  i t  was decided t h a t  a cont inuously 

ope ra t ing  vacuum pump would be required t o  maintain t h e  pressure  i n  the  vacuum 

capsule  near  1 x 10  

concluded t h a t  a 0 . 5  l i t e r  per  second ion pump would have t h e  requi red  capac i ty  

t o  noia t h i s  pressure  ievei a i  ihe  vperatii ig teiiiijei-atui-e. 

-6 Torr  i n  t h e  high ambient temperature (lOOO°F). I t  was a l s o  

0 The optimum opera t ing  temperature f o r  t h e  ion pump i s  200 C. This  w i l l  

r e q u i r e  t h a t  the  pump be cooled during a l l  tests involving high temperature environ- 

ment. For t h i s  purpose a forced a i r  cooling s y s t e m  has been designed t h a t  w i l l  
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p r o t e c t  t h e  ion pump magnet and e l e c t r i c a l  connection. Refer t o  p a r t  2 of 

Figures 8 and 9 . The cool supply of a i r  w i l l  be pumped i n  through t h e  inne r  

1 tube flowing over the  e l e c t r i c a l  cable  and pump body. The r e t u r n  for t h e  a i r  

I w i l l  be through t h e  space between t h e  magnet and the  o u t s i d e  of t h e  enclosure.  
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I V .  OPERATING MECHANISM 

The vacuum i n t e r r u p t e r  i s  moved by a mechanism, or ac tua to r .  T h i s  p a r t  

of t h e  device i s  mounted above t h e  i n t e r r u p t e r  and on t h e  same c e n t e r  l i n e .  

This s ec t ion  of t h e  r epor t  covers t he  work which has  been done i n  a r r i v i n g  a t  

t he  f i n a l  design and completing a l l  t he  d e t a i l  drawings. 

A. Actuator Design and Details 

1. Over-all  Arrangement 

The major components of t h e  ac tua tor  design shown i n  o u t l i n e  form, Figure 11 

and i n  d e t a i l ,  Figure 12 , are: 

Closing Solenoid 

0 Diaphragms 

0 Flexural  P ivo t s  

0 Actuator Linkage 

-La tch  and T r i p  Mechanism 

The moving contac t  i n  t h e  vacuum i n t e r r u p t e r  i s  opera ted  by t h e  so lenoid  

which t r a v e l s  3/8" t o  impart a 1/4" movement of t h e  con tac t  and a 1/8" compression 

of a con tac t  pressure  spr ing .  Two diaphragms support  t h e  so lenoid ,  and a l i nkage  

locks  t h e  i n t e r r u p t e r  c losed.  

B . Components 

The c l o s i n g  so lenoid ,  p a r t s  2 ,  10,  19 ,  and 26 of Figure 12 i s  s i m i l a r  t o  

t h e  conceptual design solenoid shown in  the  Phase I r e p o r t .  Minor changes were 

made dur ing  d e t a i l i n g  t o  o b t a i n  a device TO meet t h e  nieciiaiiical eiivirozaent f o r  

launch condi t ions  and t o  provide t h e  required ope ra t ing  fo rce .  The c a l c u l a t i o n s  

and design dimensions, of t h e  solenoid have been based on t h e  use  of m a t e r i a l s  

s u i t a b l e  for t h e  54OoC ambient. However some of t h e  materials used i n  these  
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samples (such as t h e  c o i l s )  w i l l  no t  meet the  f u l l  high temperature requirements.  

2 .  Diaphragms 

The diaphragms were t h e  most d i f f i c u l t  components t o  design t o  meet t h e  

mechanical requirements of t h e  launch condi t ions.  

F i r s t ,  several designs with long f l e x u r a l  pa ths  made of d i f f e r e n t  materials 

were v i b r a t i o n  t e s t e d  i n  a f i x t u r e  designed t o  s imulate  condi t ions  of t he  f i n a l  

device.  The bes t  ma te r i a l  t e s t e d  w a s  A286 s t a i n l e s s  steel .  The las t  diaphragms 

v i b r a t i o n  t e s t e d ,  made of t h i s  material, developed small f r a c t u r e s  i n  the  long 

f l e x u r a l  pa ths ,  but d i d  not rupture  e n t i r e l y .  This occurred dur ing  the  dwell 

tes t  a t  t h e  high resonant f requencies ,  1200 and 1400 cps.  

Then, a means was developed t o  damp out  t hese  resonant  f requencies  which 

cons i s t ed  of clamping the  diaphragm between .005" t h i ck  d i s c s  of mylar. This  

material would evaporate at t h e  high temperature i n  t h e  vacuum of space without 

damage t o  t h e  equipment. 

However, due t o  t h e  success  with t h e  copper electrical  diaphragms, t h i s  

design w a s  considered for t he  ac tua to r  diaphragms. Using .003" t h i ck  A286 s t a i n l e s s  

s tee l  on hand, diaphragms were f ab r i ca t ed  with a s i n g l e  convolut ion as shown i n  

F igure  13. These diaphragms, however, were n o t  s t i f f  enough r a d i a l l y .  N e w  d i a -  

phragms made of .0047" material developed s m a l l  f r a c t u r e s  i n  t h e  s l o t s  a t  the  

edge of t h e  c e n t e r  clamping d i s c .  The r a d i a l  s e c t i o n s  of t h e  diaphragms d id  n o t  

rupture  and t h e  diaphragms were s t i l l  operable .  This  f r a c t u r i n g  w a s  then overcome 

by clamping t h e  diaphragm between d i s c s  made of .0047" A-286 s tee l  with t h e  d ia -  

meter of t he  d i s c  .010" l a r g e r  than the diameter  of c e n t e r  clamping d i s c .  These 

t h i n  d i s c s  act as l e a f  sp r ings  and reduce t h e  concent ra t ion  of stress i n  t h i s  

area. Vibra t ion  test  d a t a  is  included i n  t h e  appendix. 
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3. Flexural  P ivo t s  

The environment i n  which t h e  f l e x u r a l  pivot  w i l l  be operated w a s  re- 

examined t o  determine t h e  p o s s i b i l i t y  of u s ing  s tandard f l e x u r a l s  i n  t h e  

Phase I1 t e s t i n g .  High temperature c o i l s  w i l l  not be designed f o r  t h e  c l o s i n g  

and t r i p  so l eno ids  of t h e  AC breaker  and DC con tac to r  i n  t h i s  phase of t h e  

program. It fol lows,  t h e r e f o r e ,  t h a t  the AC breaker and DC con tac to r  cannot 

be operated during t h e  heat  run, high p o t e n t i a l  tes t ,  and 1,000-hour endurance 

run. Thus, t h e  f l e x u r a l  i s  only required t o  support  t h e  a c t u a t o r  p a r t s  i n  t h e  

c losed  p o s i t i o n  a t  high temperature.  During t h e  i n t e r r u p t i o n  tests t h e  breaker  

and switch w i l l  a l s o  be operated by solenoids with low temperature c o i l s  oper- 

a t i n g  n e a r  room temperature,  without t h e  a c t u a t o r  l a t c h i n g  toggle .  

In  view of t hese  l i m i t a t i o n s ,  a flexural with high s t r e n g t h  a t  high 

(lOOO°F) temperature i s  not required now, but would be considered i n  t h e  next 

phase of t h e  program. Standard f l e x u r a l s  which w i l l  have adequate s t r e n g t h  for 

t h e  s t a t i c  l oads  a t  high temperature have t h e r e f o r e  been se l ec t ed .  Several  were 

ordered f o r  l oad  t e s t i n g  purposes.  They are a v a i l a b l e  from s tock .  The s tandard 

f l e x u r a l  i s  brazed a t  1600OF. 

A s tandard f l e x u r a l  subjected t o  100 l b s  a x i a l  load f o r  2 hours a t  1000°F 

w a s  no t  damaged. T e s t  and i n v e s t i g a t i o n  i s  cont inuing.  

4. Actuator Linkage 

The i n i t i a l  t u b u l a r  l inkage of the conceptual design w a s  found t o  be 

excessively l ~ n g  i n  aztunl  l a y c u t s  2nd h a  h e e n  replaced by t h e  a c t u a t o r  l inkage 

shown i n  Figure 11. The top  of t h e  l inkage i s  shown i n  the  open and closed 

p o s i t i o n s  of t h e  vacuum i n t e r r u p t e r  i n  Figure 14 . The long members a x  i.he u u i e i  

edges of t h e  l inkage are under stress when t h e  device i s  closed.  This stress i s  
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t r a n s f e r r e d  t o  t h e  c e n t e r  member which e x e r t s  t he  fo rce  t o  hold t h e  con tac t s  

c losed.  I t  should be noted t h a t  t h e  l inkage passes  through the  v e r t i c a l  or 

dead c e n t e r  pos i t i on  by one degree i n  the l a t ched  pos i t i on .  

5. Latch and T r i D  Mechanism 

The l a t c h  and t r i p  mechanism performs f o u r  func t ions :  

Provides a s top  i n  the la tched  pos i t i on .  

Latches t h e  ac tua to r  i n  the  closed p o s i t i o n  e lec t romagnet ica l ly  f o r  

1 aunch. 

* Latches t h e  ac tua to r  c losed  during normal opera t ion  us ing  a 

permanent magnet. 

Performs the  t r i p  funct ion by an electromagnet .  

The d e t a i l s  of t h i s  mechanism are  shown i n  Figure 14 . 

The s t o p  but tons  a r e  made of  tungsten t o  prevent  welding and are ad jus ted  

L -  --..*.._ 
LU p . ~ ~ ~ i d e  t h z  cnc degree nf  trg.vel p a s t  t he  c e n t e r  l i n e  of t h e  device.  

The l a t c h i n g  electromagnet i s  intended f o r  u se  during launch and dur ing  

t h e  tes ts  s imula t ing  t h e  mechanical launch environment. This  d 

be used dur ing  normal operat ion i n  space. The electromagnet i s  

ope ra t e  from a 12 v o l t  DC source.  2 , 3 4  wat t s  a r e  d i s s i p a t e d  a t  

i n i t i a l  temperature rise rate i s  125 C i n  45 minutes.  The hold 0 

v i c e  w i l l  n o t  

designed t o  

25OC and t h e  

ng fo rce  developed 

by t h e  magnet i s  42 l b s  and i s  appl ied approximately one inch from t h e  top  of 

t h e  a c t u a t o r .  

The permanent magnet l a t c h  is  located 2 3/4 inches above t h e  c e n t e r  of 

t h e  f l e x u r a l  p ivo t  and e x e r t s  a fo rce  of 6 l b s  i n  t h e  l a t ched  pos i t i on .  The 

magnet i s  pos i t ioned  t o  maintain a gap of .032 inches between t h e  magnet po le  

p i eces  and t h e  armature on t h e  ac tua tor  toggle .  When t h e  togg le  i s  on dead 
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c e n t e r  v e r t i c a l l y  t h e  magnet w i l l  exer t  an a t t r a c t i n g  force  of approximately 

2 3/4 l b s  t o  p u l l  t h e  toggle  over  center  t o  the  l a t ched  pos i t i on .  

The t r i p  so lenoid  i s  designed t o  have an i n i t i a l  r e p e l l i n g  f o r c e  of 

.6 l b s  and is  loca ted  6 1/4 inches above t h e  c e n t e r  of t h e  f l e x u r a l  p i v o t .  The 

inch-pound torque of t h e  t r i p  solenoid i s  more than twice t h a t  of t h e  permanent 

magnet l a t c h .  The t r i p  so lenoid  i s  a l s o  designed t o  opera te  from a 1 2  v o l t  

DC source.  A t  room temperature t h e  two c o i l s  of t h e  t r i p  solenoid r e q u i r e  

200 watts f o r  ope ra t ion  and t h e  temperature ra te  of rise f o r  the  c o i l s  i s  4 C 

pe r  sec. A t  15OoC t h e  c o i l s  consume 140 wat ts  and have a ra te  of temperature  

r i se  of 2 .7  C per  second. 

0 

0 
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V. TEST PLANS AND FACILITIES 

In  accordance with t h e  Cont rac t ,  a wide range of e l e c t r i c a l  and 

mechanical tests a r e  being planned for t he  sample vacuum breakers  and con tac to r s .  

T e s t  equipment i s  being checked out ,  and Test  Spec i f i ca t ions  a r e  being 

prepared. Some d e t a i l s  on t h i s  work w i l l  be covered i n  t h i s  s e c t i o n  of t h e  r e p o r t .  

A. E l e c t r i c a l  

A c a p a c i t o r  d i scharge  type of t e s t ,  s i m i l a r  t o  those  performed i n  Phase I ,  

i s  planned f o r  both t h e  AC C i r c u i t  Breaker and DC Engine Contactor .  However, 

a much l a r g e r  (135,000 j o u l e )  capac i tor  bank w i l l  be used t h i s  t i m e .  Adequate 

equipment is  a v a i l a b l e  i n  the  discharge test  c o n t r o l  room for recording a l l  

d a t a .  

A problem a r e a  ex is t s  i n  obta in ing  a low c i r c u i t  decay r a t e  f o r  t h e  AC 

t e s t .  D a t a  included i n  t h e  Second Quarter ly  Report showed t h a t  wi th  a c i r c u i t  

Q of 100 t h e  decrease i n  cu r ren t  and vol tage would be 25 t o  27% i n  4.5 t o  5 

mi l l i seconds .  A prel iminary ca l cu la t ion  of t he  f i n a l  breaker  des ign ,  us ing  

average s p r i n g  f o r c e s ,  i n d i c a t e s  t h a t  t h e  c o n t a c t s  w i l l  open .020 i nch  i n  6 . 5  

mi l l i seconds .  This  time is  based on the  con tac t s  p a r t i n g  5.3 mi l l i seconds  a f t e r  

t he  co l l apse  of t he  c los ing  so lenoid  magnetic f i e l d .  

To maintain the  c i r c u i t  va lues ,  an a l t e r n a t e  approach of supplying power 

from a f i x e d  source ,  equal t o  t h e  decrement l o s s  dur ing  the  t e s t ,  i s  now under 

i n v e s t i g a t i o n .  

'l'he inTerrupi ioi i  t s s t s  will he made with t h e  i n t e r r u p t e r  i n  a s p e c i a l  i n e r t  

gas  oven (atmospheric p re s su re )  and the  ope ra t ing  so lenoid  o u t s i d e  the  oven i n  a 

lower temperature.  The c o i l  f o r  t h i s  test  has been aes igna i ,  aiid %-ill i r c a  U Y 1  314 

t u r n s  of # 15  copper w i r e  with ML (g lass -polyes te r )  i n s u l a t i o n .  A t  t h e  expected 

ope ra t ing  temperature of 150 C, t he  c o i l  w i l l  draw 13 .2  A a t  1 2  V,  f o r  a t o t a l  of 0 
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4150 amp t u r n s  and 158 wa t t s .  

B. Mechanical 

The f a c i l i t i e s  f o r  v i b r a t i o n  and shock t e s t i n g  a r e  a v a i l a b l e  i n  t h e  Research 

and Development Center. The v i b r a t i o n  f a c i l i t y  has a l ready  been used i n  component 

development t e s t s ,  as explained i n  t h e  mechanism design s e c t i o n  of t h i s  r e p o r t .  

The f i x t u r e s  f o r  t e s t i n g  the  switchgear devices  have no t  ye t  been designed, 

but  t h i s  work i s  planned f o r  t he  near  fu tu re .  

Addit ional  mechanical tests u s i n g  a high impact shock machine, a c e n t r i -  

fuge f o r  acce le ra t ion ,  and an acous t i c  sound chamber a r e  being planned. De ta i l  

test s p e c i f i c a t i o n s  a r e  i n  prepara t ion .  

C .  Heat Run and Endurance 

The s p e c i a l  oven t h a t  w i l l  provide t h e  1000°F environment i n  t h e  high 

vacuum chamber i s  now being assembled. Af t e r  assembly, i t  w i l l  be annealed and 

then s t o r e d  i n  i n e r t  gas u n t i l  p laced i n  t h e  test chamber. 

F ina l  e l e c t r i c a l  c i r c u i t r y  i s  being d e t a i l e d  and au tho r i za t ions  w i l l  be 

i ssued  i n  October t o  s t a r t  t h e  i n s t a l l a t i o n  work. The s p e c i a l  hea t  r u n  trans- 

former has been t e s t e d ,  and problems encountered i n  maintaining a low enough in-  

ductance i n  t h e  connections at the  high frequency (up t o  3200 cps)  requi re  f u r t h e r  

s tudy.  "he transformer must a l s o  be redesigned t o  provide adequate output  a t  t h e  

h igh  frequency . 
Tes t  Procedures or Spec i f i ca t ions  f o r  t h e  hea t  run and high vol tage  leakage 

t e s t s  have been wr i t t en .  Copies of typical Specifications a r e  included i n  the  

Appendix. 
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VI.  APPENDIX 

This  Appendix inc ludes  seve ra l  e x h i b i t s  concerning the  t e s t i n g  a c t i v i t y  

t h a t  i s  underway f o r  t he  Switchgear Program, 

The information i n  t h i s  s e c t i o n  of t h e  r e p o r t  i s  t h e  fol lowing:  

1) T e s t  Spec i f i ca t ion  # R&DC-TSl. 

Vibra t ion  T e s t  of Sample Diaphragms. 

2 )  T e s t  Result  # R&DC-TRl. 

Vibrat ion T e s t  of Sample Diaphragms. 

3) T e s t  Spec i f i ca t ion  # SPPS-TS1. 

H e a t  Run-Test on AC C i r c u i t  Breaker. 

4) T e s t  S p e c i f i c a t i o n  # SPPS-TS2. 

H e a t  Run Tes t  on DC Contactor. 
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V I I .  SCHEDULE 

The d e t a i l  drawings of a l l  p a r t s  of t he  ac tua to r  and vacuum i n t e r r u p t e r s ,  

with t h e  except ion of t h e  vacuum capsule ,  have been s e n t  ou t  t o  vendors t o  ob ta in  

quo ta t ions  on t h e  p a r t s .  Both t h e  Research and Development Center  and the  Space 

Power and Propulsion Sect ion are p a r t i c i p a t i n g  i n  ob ta in ing  t h e  quota t ions .  

Q u a l i t y  Control w i l l  be maintained i n  accordance wi th  t h e  Procedure Manual 

developed as part  of t h i s  Program. 

The p a r t s  f o r  t he  vacuum capsule  w i l l  be f a b r i c a t e d  i n  the R&DC shop be- 

cause con t ro l  of t he  machining methods e s p e c i a l l y  on t h e  molybdenum and Rodar i s  

important .  Vacuum process ing ,  assembly, evacuat ing,  and s e a l  o f f  of the  capsule  

w i l l  be done e i t h e r  a t  t h e  Laboratory Operation of the  Switchgear Department i n  

Ph i l ade lph ia ,  o r  a t  SPPS i n  Evendale. 

A l l  ma te r i a l  has  been ordered f o r  the a c t u a t o r s  and vacuum i n t e r r u p t e r s ,  

and the  material f o r  t h e  ac tua to r s  has been received.  A l l  material w i l l  be 

fu rn i shed  t o  vendors, who w i l l  manufacture t h e  var ious  p a r t s .  T h i s  procedure i s  

being followed because a l l  of the ma te r i a l  must be c e r t i f i e d  t o  conform t o  

s p e c i f i c a t i o n s .  The vendors w i l l  be i n s t r u c t e d  not  t o  m a k e  ma te r i a l  s u b s t i t u t i o n s .  

The o v e r a l l  schedule i s  now being reviewed i n  d e t a i l ,  i n  t he  l i g h t  of de l ays  

i n  completing d e t a i l  drawings, ob ta in ing  quotes  on f a b r i c a t i o n ,  and the  longer  

than expected f a b r i c a t i n g  times t h a t  have been promised. I t  now appears t h a t  the 

f i rs t  complete breaker  cannot be assembled before  December. However, t h e  a d d i t i o n a l  

= n i t s  shnlild he a v a i l a b l e  e a r l y  i n  1966 so t h e  test program can proceed w i t h  l i t t l e  

de lay  and the  important i n t e r r u p t i o n  t e s t s  a r e  expected t o  be completed about the 

end of March, 1966. 
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Pnct 1 oc 1 
Ela 

TEST RESULTS R&Dc - T.R. 1 

E l e c t r i c a l  Switchgear f o r  Nuclear Electrical Systems 

QmlrRnq do, 
NAS 3667 

Yrc w rrm 

VIBRATION TEST - Diaphragm Evaluat ion Test 

(WO. $ *anON oc 7- 

G.E. Company, Schenectady, New York, Bldg. #37 - W C  R&M: TS-1 8/16/65 

I. Diaphragm P a r t  8 of PL 5873474, Dwg. 561B497. (Made of .0047" S t a i n l e s s  S t e e l ) .  

11. A l l  measuring instruments  and osc i l loscope  a r e  included i n  t h e  v i b r a t i o n  
equipment console. 

111. A. Vibra t ion  e x c i t a t i o n  app l i ed  r a d i a l l y  to  diaphragm. 

The frequency ranges were scanned i n  accordance wi th  I V .  of t h e  test 
s p e c i f i c a t i o n  R&Dc - T.S.l. Resonances occurred a t  161 and 254 cps. 
Five minutes dwell at each of these: two frequencies  d i d  not damage t h e  
diaphragms. 

B. Vibrat ion e x c i t a t i o n  appl ied  a x i a l l y  t o  diaphragm. 

The frequency ranges were scanned i n  accordance with I V .  o f  t h e  test 
s p e c i f i c a t i o n  R&DC T.S. 1. Resonances occurred a t  1198 and 1405 cps. 
Five minutes dwell a t  each of t hese  two f requencies  d i d  not damage the  
diaphragms. 

E. F. Travis  8/16/61 
SGMWUIPI bate 
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Pa6E 1 or 1 
Vesr 5mc. NO. 

TEST SPECIFICFITION R&M= - T.S. 1 

E l e c t r i c a l  Switchgear f o r  Space Nuclear E l e c t r i c a l  Systems 

r# w TEST COUT@&CT NQ 

VIBRATION TEST - Diaphragm Evaluat ion Test NAS 3-6467 

-6Ccn-N O r  TTSI FWIUTY CCITV, .roc) f lm0V.D  *V 

G . E .  Company, Schenectady, New York - Bldg. #37 - R&DC 

I .  

11, 

111. 

IV. 

Diaphragms P a r t  8 of PL 5873474, Dwg. 561B497. (Made of .0047" A236 S t a i n l e s s  
S t e e l ) .  

Two diaphragms should be mounted i n  Test F ix tu re  # 1, Dwg. 454C795 with the  
convolut ions f ac ing  outward. Four washers, Dwg. 115A518 should be mounted 
next  t o  each diaphragm with one on each s i d e  of t he  diaphragm. 

The t e s t  f i x t u r e  should be bo l t ed  securely t o  t h e  v i b r a t i o n  head of t h e  Model 91A 
Unholtz-Diky v i b r a t i o n  equipment. T h i s  equipment c o n s i s t s  of t h e  v i b r a t i o n  head 
and con t ro l  console  complete with frequency and amplitude con t ro l s .  

Scan t h e  frequency range i n  1 t o  10 minutes wi th  logar i thmic  sweep on each of 
t h r e e  major axis at t h e  inpu t s  tabula ted  below. A t  each major resonance 
frequency s i n e  wave e x c i t a t i o n  w i l l  be appl ied  f o r  5 minutes a t  t h e  l e v e l s  
s p e c i f i e d  below: 

Frequency 

1 6  - 100 CPS 

100 - 180 CPS 

180 - 2000 CPS 

Scan Level 
Resonance 

Level 

6 **g" 

0.118: P/P 

1 9  IIg" 

3 ' lg" 

0.0059" P/P 

9. 5 91g" 

E.  F. Travis  8/16/65 
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I W6E: 1 O f  1 

I t t t r  spec. Nd. 

JEST SPEC I F IC@ TI 0 N Switchgear - T.S. 1 

Electrical  Switchgear f o r  Space Nuclear E l e c t r i c a l  Systems 

tv# W R S T  E o u T ~  NO 

Heat Run - D e s i g n  Evaluat ion T e s t  NAS 3-6467 

L O C a w w  or RII CIC(UII ccirv, .bee) IPWOV.0 -.v 
G . E .  Co., Evendale, Ohio - Bldg. # 700 - SPPS 

1) AC Vacuum C i r c u i t  Breakers r a t e d  1 phase, 600 A, 2000 cps. 
2) P l ace  Breaker i n  an environment of 1000°F, Torr (or lower) p re s su re ,  and measure 

temperature  rise w h i l e  ca r ry ing  up t o  600 A cont inuously u n t i l  a s teady  s t a t e  cond i t ion  
is  observed. Record temperature of c r i t i c a l  p a r t s  and c u r r e n t  wi th  200, 400, and 600 A. 
Uni t s  t o  be mounted i n  s p e c i a l  oven Drawing # 941D621, and placed i n  high vacuum chamber 
des igna ted  CIV. 
from Behlman high frequency e l e c t r o n i c  generator .  Thermocouples t o  be Platinum- 
Platinum/Rhodium w i t h  automatic reading  of va lues  on Honeywell recorder  along w i t h  
c u r r e n t  measurements. 

4 )  T e s t  Procedure 
A. Set-Up 

3) 
Power f o r  test  c u r r e n t  suppl ied by s p e c i a l  h igh  c u r r e n t  t ransformer  

1 )  At tach  thermocouples t o  show v i t a l  ho t  s p o t s  on a c c e s s i b l e  p o i n t s  of Breaker 
a s  shown on d e t a i l  l ayout  drawing. 
NOTE: A t o t a l  of 18 thermocouples w i l l  be a v a i l a b l e  f o r  the AC Breakers, Use 

8 on the  a c t u a t o r  and 1 0  on t h e  i n t e r r u p t e r .  A l l  l e a d s  must be tw i s t ed  
while  i n  high frequency f i e l d ,  

2) Connect Breaker t o  a p a i r  of high cu r ren t  feed- thrus ,  u s ing  co-axial  copper b1js 
except  f o r  last 6" which w i l l  be a s p e c i a l  "heat  l imi t ing"  #4 OFHC copper wire  
jumper. Also connect t h e  f l o a t i n g  s h i e l d  of both breakers  t o  5A, 7.9 KV feed-  
t h r u  conductors.  
Outside te rmina ls  of high cur ren t  feed- thrus  a r e  t o  be connected t o  the  h igh  
c u r r e n t  t ransformer ,  pe rmi t t i ng  cur ren t  adjustment and high vol tage  t e s t i n g .  

3 )  

4) U s e  C.T. b u i l t  i n t o  high cu r ren t  t ransformer f o r  c u r r e n t  measurement. 

1 )  Connect the  Breaker power feed-thrus i n  series w i t h  t h e  high cu r ren t  transformer 
The primary of t he  t ransformer w i l l  be suppl ied  by the  Behlman v a r i a b l e  f r e -  
quency power u n i t ,  set a t  2000 cps. 

2)  U s e  t ransformer bushing C.T. t o  provide measuring c u r r e n t  t o  a c a l i b r a t e d  ammetc 
s u i t a b l e  f o r  the  frequency, and t o  a r e s i s t a n c e  f o r  a vo l t age  measurement which 
w i l l  be p l o t t e d  on t h e  automatic recorder  w i t h  t h e  DC cu r ren t  and a l l  thermo- 
couple  va lues .  

a t u r e  i s  constant  w i t h  t h e  oven a t  1000°F. 

S p e c i f i c a t i o n  # Switchgear - T.S. 3 ) .  

B. Heat Run 

3) Raise vol tage  (and c u r r e n t )  i n  s t eps  of 200A., holding each va lue  u n t i l  temper- 

4)  A t  t he  conclusion of the Heat Run, m a k e  iiigii 'v'Ul';agz Lezkagz test (Eefer tc? T P ~  

I 
Revised 8/30/65 

I wpmm 

A. H. Powell 7/28/6E 
S I G W m l t W  0.VD 
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po6E1 O F 1  
7-r +Pee. No. 

TEST SPECIFICQTION Switchgear T.S.2 

I""""" 
E l e c t r i c a l  Switchgear f o r  Space Nuclear E l e c t r i c a l  Systems 

w TaST cou?l)lcr NO 

Heat Run - Design Evaluat ion T e s t s  NAS 3-6467 

m w  OP TRST WKnr CCWV, BbOC) flmaoveo .V 

G.E. Co., Evendale, Ohio - Bldg. # 700 - SPPS Later 

1 )  One DC Vacuum Contactor r a t e d  s i n g l e  pole ,  l O A . ,  10KV. 

2) Place  Contactor  i n  an environment of 1000°F, 10 Torr  (or lower) p re s su re ,  and measure 
-6 

temperature rise while  ca r ry ing  10 amperes cont inuously.  

3)  Unit t o  be mounted i n  s p e c i a l  oven Drawing # 941D621, and placed i n  h igh  vacuum chamber 
des igna ted  C I V ,  Current f o r  test  suppl ied by DC r e c t i f i e r  power supply w i t h  AC input .  
Thermocouples t o  be Platinum-Platinum/Rhodium, w i t h  automatic reading  of va lues ,  a long 
w i t h  c u r r e n t  measurement. 

4)  T e s t  Procedures 

A) Set-Up 

1) Attach 6 thermocouples t o  measure t h e  enc los ing  s h e l l  and mechanism temperature ,  
No T/C's w i l l  be placed on l i v e  p a r t s ,  as t h e  rise wi th  10 amperes DC f lowing 
should have minimum e f f e c t  on the  temperature ,  and o v e r a l l  temperature only  w i l l  
be monitored. The d e t a i l  l ayout  drawing w i l l  show t h e  T/C l o c a t i o n s .  

2)  Connect t he  t e rmina l s  t o  p a i r s  of 5A., 1 KV feed-thru l e a d s  wi th  # 12 copper 
conductors.  Connect t he  ex te rna l  feed-thru te rmina ls  t o  t h e  DC power supply ,  
wi th  provis ions  f o r  cu r ren t  measurements. 

3) Attach a w e l l  i n s u l a t e d  (25 KV) small (# 14)  l e a d  from the  f l a a t i n g  s h i e l d  on 
t h e  Contactor  t o  the 25 KV feed-thru,  for u s e  i n  the Hi-Potent ia l  Leakage T e s t .  I 

I 

8 )  Heat Etun 

1) Connect t he  con tac to r  t o  t h e  10  A DC power supply, a t  t h e  feed- thrus .  U s e  an 
ammeter t o  measure the  c u r r e n t ,  and a series r e s i s t o r  t o  provide a vo l t age  
measurement which w i l l  be recorded on t h e  automatic equipment a long w i t h  a l l  T/( 
values .  

2)  Raise c u r r e n t  t o  10 amperes, and maintain t h i s  value dur ing  the  hea t  run test .  

3 )  A t  the  conclusion of the Heat Run, make High Voltage leakage test  ( r e f e r  t o  Tes! 
S p e c i f i c a t i o n  # Switchgear - T.S. 4 ) .  

A. H. Powell 7/29/6: 
S l G N m * U  @a?. 
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Figure 1:  AC Vacuum Circuit Breaker Rated 600A, lOOOV, 2000 cps.  
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Figure 2: Calculated Contact and Heat Transfer Surface Temperatures 
for AC Vacuum Circuit Breaker. 
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Figure  4: Sketch of Brazed Vacuum Capsule Contact Assembly, 
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STEADY S T A T E  T E M P E R A T U R E  O F  BRAZED S A M P L E  SWITCH END 

With C o m p l e t e  Shielding 

Run #1 

Run #2 

T h e r m o c o u p l e  ( 1 ) T e m p  e r a t u  r e 
N u m b e r  OF 

5 

Without Top Shield 

Run #1 

(1 )  T h e r m o c o u p l e  Loca t ion  
Neat  Aw\led Here 

A /\ 

1570 
1570 
1370 
1470 
1430 

1540 
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1450 
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1120 
1300 
1200 

/ n * 3  

-XW4 

I \  

/ / /  / 

Figure  5 :  Brazea Sample # 1. i n  set-up for neat  Run and Kesui t lng  Temperatures. 
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Figure 7: Sketch of Vacuum Capsule for Both AC Breaker and DC Contactor.  
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F i g i i k  6 :  Layout of Vacuum In te r rupter  for AC Circuit B r e a k e r .  
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Figure 9: Layout of Vacuum Interrupter for DC Contactor. 
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Figure 10: Flexible Electric Conductor (Diaphram) for Moving 
Contact of Capsule. 

-37- 



Figure 11: 

L-i--J 

Overall Outline of Operating Mechanism (Actuator). 

-38- 



17 TKIP SOLENOID- \ 

Figure 12: Layout i n  Dz ta i l  of Operat ing Mechanism (Actuator) .  
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I 
.005" 
Thick 

Figure 13: Arrangement of One of the Diaphragms Used to Support the Actuator 
Solenoi rl Pllusger. 
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. 

Actuator I 

Figure 14: Actuator, with Latch and Trip Mechanism, Shown in Closed  and Open Position. 
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